Chronic interstitial lung diseases (ILD) represent a heterogenous group of disorders of both known and unknown causes that share common histological features. To date, these disorders have been poorly investigated in children; indeed most of the strategies used by paediatricians for diagnosis and treatment are derived from information provided by studies in adult patients [1, 2] . However, there is increasing evidence that expression and outcome of chronic ILD in children differs from adult ILD. The present study was conducted as part of a European Respiratory Society (ERS) Task Force on chronic ILD in immunocompetent children. The objectives of the Task Force were: 1) to provide information on the current approach to diagnosis and management of chronic ILD in children; 2) to provide recommendations to clinicians for the diagnosis and management of chronic ILD in children; 3) to provide an update on the current understanding of the pathophysiology of the disease(s) and on ongoing research directions; and 4) to develop clinical and scientific collaborations across the paediatric discipline and also with adult researchers to enable progress in the identification of mechanisms underlying disease initiation and progression in infants and older children.
Review of the current approach to diagnosis and management of chronic ILD in children
Study population
The Task Force included clinical respiratory physicians involved in paediatric and adult ILD, as well as basic scientists with expertise in cellular and molecular biology, and in genetics. Each member was assigned to contact the various paediatric pulmonary departments in European countries, and to collect cases of chronic ILD through a questionnaire established by the group. This cohort is, thus, fairly representative of practice across Europe. Data were then pooled and discussed through a series of meetings. Chronic ILD in immunocompetent children was defined as the presence of respiratory symptoms and/or diffuse infiltrates on chest radiographs, abnormal pulmonary function tests with evidence of restrictive ventilatory defect and/or impaired gas exchange, and persistence of any of these findings for w3 months [1] [2] [3] [4] [5] . The medical records of children actively managed for chronic ILD in European paediatric centres from 1997-2002 were reviewed. The records of 185 patients with a diagnosis of chronic ILD were identified based on the criteria defined above, and analysed. The exclusion criteria were lung diseases associated with immunodeficiency and/or malignancy. All the information regarding patient background including familial history, patient presentation, diagnostic evaluation, final diagnosis, treatment and outcome were recorded through the questionnaire. All the results were then collected into a database. In order to provide information on chronic ILD in young children, a subgroup of 58 patients aged v2 yrs was individualised. Results are presented as descriptive data and as mean¡SD.
Patient presentation and diagnostic evaluation
Paediatric ILD occurred more frequently in the younger patients ( fig. 1 ). A summary of the patients is listed in table 1. The prevalence for development of chronic ILD was higher in young males than in young females. This is in agreement with other reports [2, 6] . Medical record review of the family members indicated that nearly 10% of case siblings were affected by similar diseases.
For editorial comments see page 521.
The majority of patients had symptoms for v1 yr at the time of initial evaluation. The mean duration of symptoms before diagnosis was 6.6¡0.5 months. Most children presented with cough and tachypnoea (table 1). Failure to thrive was documented in almost two thirds of the patients diagnosed before aged 2 yrs.
Chest radiographs were performed in all patients, but highresolution computed tomography (HRCT) scanning data were available in only 131 of 185 cases (and in 37 of 58 patients aged v2 yrs). Abnormalities at the time of initial evaluation were predominantly interstitial infiltrates (table 2) . Analysis of the pulmonary function data showed large variations in the methods used by the various paediatric centres. The results summary of gas exchange analysis, lung volumes, and diffusion capacity for carbon monoxide (Dco) tests that could be included in the present review are presented in table 2. Hypoxaemia was documented by blood gas analysis in two thirds of patients.
Bronchoalveolar lavage (BAL) was performed in 119 cases, and data on BAL cell populations were available in 98 cases (and for 21 patients aged v2 yrs). Results are presented in table 2; generally, there is evidence of BAL lymphocytosis and neutrophilia; however, in the younger aged children BAL cell populations were predominantly neutrophils.
The main laboratory tests performed were microbiology tests, with data available in 111 cases. Positive results were found in 10 samples, with the detection of adenovirus (one case), Epstein Barr virus (EBV; four cases), Influenza virus (one case), parvovirus (one case), cytomegalovirus (two cases) and Mycoplasma pneumoniae (one case). The other laboratory tests were performed according to the patient history and clinical presentation. Search for circulating auto-antibodies was done in 99 samples with positive results in 12 cases. Elevated levels of angiotensin converting enzyme (ACE) were performed in 10 cases, and screening tests for hypersensitivity pneumonitis were considered positive for 20 children.
Lung biopsy data were available in 107 cases. Analysis of the diagnostic procedures performed indicated that open lung biopsies were predominantly performed (62%), followed by transbronchial biopsies (26%), video assisted thoracoscopy biopsies (VATB) (7%), and transthoracic percutaneous biopsies (5%).
Diagnosis
A diagnosis was made in 177 of 185 patients, and in 56 of 58 cases in the subgroup of children aged v2 yrs. The list is given in table 3, including the number of lung biopsies performed. Some can be considered as specific diagnoses, in accordance with the standard classification of chronic ILD [6, 7] . They include pulmonary haemosiderosis, pulmonary alveolar proteinosis, hypersensitivity pneumonitis, Langerhans cell histiocytosis, sarcoidosis, pulmonary lymphangioleiomyomatosis, lymphocyte infiltrative disorders, and auto-immune related ILD. The other diagnoses reported by the various centres can be collectively labelled as "idiopathic interstitial pneumonia". They include desquamative interstitial pneumonitis (DIP), usual interstitial pneumonitis (UIP), and lymphoid interstitial pneumonitis (LIP). In 67 cases, the reported diagnoses were idiopathic pulmonary fibrosis and interstitial pneumonitis, respectively. Cough  145  78  42  73  Tachypnoea/dyspnoea  140  76  49  84  Failure to thrive  68  37  36  62  Fever  37  20  17  29  Physical findings  Cyanosis  51  28  31  54  Clubbing  24  13  5  9  Crackles  81  44  33 57 
Treatment and outcome
Oxygen therapy was used in all patients with documented hypoxaemia at the time of diagnosis. The need for long term supplemental O 2 was indicated in 48 children, mainly in the subgroup of patients aged v2 yrs. Among the therapeutic regimes administered at the time of diagnosis, systemic corticosteroids were the preferred therapy, and appeared to be used in various dosages and over variable durations. As indicated in table 4, the steroid treatment was administered orally and/or by i.v. The other drug administered in 18% of the cases alone or in association with steroids was hydroxychloroquine. Review of patient records revealed that the preferred choice between steroids or hydroxychloroquine was highly dependent on the expertise of the various centres, and did not seem to be influenced by the type of chronic ILD. In rare situations, other treatments including azathioprine, cyclophosphamide, methotrexate, and granulocyte macrophagecolony stimulating factor GM-CSF were used. In addition, patients with pulmonary alveolar proteinosis were managed with repeated therapeutic BAL.
The mean duration of follow-up in the total population was 2.2 ¡ 3.1 yrs, with a mean duration of treatment of 1.2¡0.9 yrs. These durations were longer in the subgroup of infants (respectively 3.4¡3.5 yrs, with a mean duration of treatment of 2.6 ¡ 2.8 yrs). From the information reported in the records, evaluation of patient outcome could be documented in 174 cases and indicated improvement in 129 cases (34 in the subgroup of infants), stabilisation in 30 cases (22 in the subgroup of infants), deterioration in four cases (one in the subgroup of infants), and death in 11 cases (one in the subgroup of infants). Due to the heterogeneity of patient management, it appeared difficult in this retrospective analysis to relate the outcome in terms of diagnosis and preferred therapeutic strategy. For the patients who died, the reported diagnoses were pulmonary haemosiderosis (one case), pulmonary proteinosis (two cases), Langerhans cell histiocytosis (one case), UIP (one case), interstitial pneumonitis (three cases), and idiopathic fibrosis (three cases).
Comments
This is the first study to collect the largest population of chronic ILD in children from across Europe. It was made possible by a strong and efficient collaboration between a number of pulmonary paediatric European centres. Despite efforts to include as many cases as possible, the recruitment cannot be considered as exhaustive and consequently did not provide information on the actual incidence and prevalence of paediatric ILD across Europe [8] . Nevertheless, the reported 185 cases integrated into the database allowed evaluation and determination of the prevailing approach to management of paediatric ILD, and exploration of whether standards of care in this disease could be improved in the future.
Analysis of the population included in the present study revealed that the management of these patients was not standardised and appeared to be extremely ad hoc, varying from centre to centre, depending on resources and expertise. Also, as indicated above, analysis of the pulmonary function data showed significant variations in the methodology used across the groups. It is interesting to note that noninvasive tests were considered as sufficient for the diagnosis of chronic ILD in 78 children. In patients who underwent lung biopsy, the technique of choice was open lung biopsy (OLB), mainly in the younger age group [9] . Based on the results of patient history and presentation, noninvasive tests, and in some situations of lung biopsy, a diagnosis was made in 177 cases. From the information provided by the centres, it was possible to individualise a number of well-defined diagnoses, such as DIP, UIP, and LIP. However, in 67 cases, the reported diagnosis was incompatible with the standard descriptive classification. Thus, in this group of cases, the Task Force agreed to retain the diagnosis of idiopathic pulmonary fibrosis or interstitial pneumonitis, as originally proposed by the physicians in charge of the said patients.
The main therapeutic strategy was corticosteroids. As indicated above, the choice between steroids and hydroxychloroquine was highly centre-dependent [5, 6, 10, 11] . The diversity of the diagnoses and the heterogeneity of the recruited population did not allow information to be drawn on which therapeutic strategy would be more beneficial for a given pathological situation. The present review highlights a number of differences in the management of children with chronic ILD among the various paediatric centres. Many questions remain unanswered; specifically, they relate to the types of investigations required to make a firm diagnosis, the requisite techniques to analyse lung biopsy specimens and to help clarify a working ILD classification in children, the tools essential in assessment of disease severity and progression, and guidelines to optimise and standardise therapy. Interestingly, the present data highlighted familial cases as well as cases associated with parental consanguinity. Clearly, new approaches need to be exploited in terms of the role of genetic predisposition and the identification of specific aetiological factors based on the current knowledge of pathophysiology in adult cases.
Recommendations for diagnosis and treatment of chronic ILD in children

Clinical evaluation
The presenting clinical manifestations are often subtle and nonspecific [4, 5, 12] . The onset of symptoms is, in most cases, insidious and many children may have had symptoms for years before the diagnosis of ILD is confirmed. The clinical manifestations vary from asymptomatic presentation with radiological features suggestive of ILD to the more characteristic presence of respiratory symptoms and signs of cough, dyspnoea, tachypnoea and exercise intolerance. These varying presentations are reflected in the report published by FAN et al. [13] who systematically evaluated the clinical symptoms and physical findings of 99 consecutive children with ILD observed at the University of Colorado from 1980-1994 [13] . Common symptoms at presentation included cough, dyspnoea, tachypnoea and chest wall retraction, exercise limitation and frequent respiratory infections. Although a history of wheezing could be elicited in almost 50% of the patients, wheezing could be documented by physical examination in only 20% of the cases. Any child with a normal birth history, presenting with the signs and symptoms suggestive of ILD lasting for w3 months should be evaluated for ILD. A systematic approach to the diagnosis of ILD in children is essential, and should start with an accurate clinical history and physical examination, followed by physiological and laboratory investigations to rule out nonrespiratory diseases associated with lung involvement [2] .
It is recommended that clinical history-taking starts by obtaining general information on the relatives or siblings with similar lung conditions. Details should also be obtained on precipitating factors, such as feeding history, any acute or severe respiratory infections, environmental exposure to organic and inorganic dust, and use of drugs with pulmonary toxicity. The history should also note the presence and onset of respiratory symptoms, such as cough, tachypnoea, dyspnoea, effort intolerance, tiring during feeding, wheezing, respiratory infection, haemoptysis and failure to thrive [2] . Cough presents in almost 75% of the patients, is normally nonproductive and does not disturb sleep. It is described as an itching or tingling sensation in the throat. Tachypnoea is present in 80% of patients and is usually the earliest and most common respiratory symptom. It is associated with subcostal or intercostal retractions.
The frequent clinical findings are inspiratory crackles, tachypnoea and retraction. In a child with a normal birth history, these are strongly suggestive of ILD. Rarer findings associated with an advanced stage of the disease include finger clubbing and cyanosis during exercise or at rest. During the physical examination it is essential to look for the presence of associated nonrespiratory symptoms, such as joint disease, cutaneous rashes, recurrent fever typical of collagen-vascular disorders and failure to thrive.
Laboratory tests
Laboratory tests are seldom diagnostic in ILD, but may be helpful to exclude other systemic disorders, such as immunodeficiencies or collagen vascular diseases that can be associated with interstitial lung involvement. Laboratory tests are also used to exclude more common respiratory diseases in childhood that do not typically present with diffuse pulmonary disease, such as cystic fibrosis, tuberculosis or gastrooesophageal reflux with chronic lipid aspiration. Rather than performing an expensive diverse battery of tests in every patient with undefined ILD, the spectrum of investigations should be guided by the history and clinical presentation in each individual child.
Pulmonary infections, particularly those causing atypical pneumonia, are considered in the differential diagnosis of virtually every case with ILD. Serological tests are insufficient to prove a pulmonary infection and can only be regarded as suggestive. Any infection should be proven by detection of the pathogen in either BAL fluid or lung tissue (see below). Many infectious organisms have been claimed to be associated with ILD in adults, although a causal relationship has not been proven in most instances [14] [15] [16] [17] . There are few data available for children and, given the high frequency of viral respiratory infections in this age group per se, it is extremely difficult to ascertain a causal contribution in this age group. An "alveolitis", although unclassified, has been found in two infants with EBV infection; again there is little proof as to the actual cause of their lung disease [18] .
Precipitating immunoglobulin G antibodies against airborne allergens can be used as indirect evidence for hypersensitivity pneumonitis. As an example, positive antibodies are found in up to 20% of subjects exposed to pigeon antigens not developing hypersensitivity pneumonitis [19] . Panels of screening tests for hypersensitivity pneumonitis are of questionable value and a thorough history should always precede specific tests. ILD associated with pulmonary haemorrhage can be due to systemic diseases, such as Goodpasture9s syndrome, lupus erythematosous or Wegener9s granulomatosis. Laboratory tests in these patients should, therefore, include antibodies against basement membrane, antinuclear antibodies against double strand DNA, and antineutrophilcytoplasmatic autoantibodies. Although false positive results do occur, these antibodies are quite specific for these three entities [20] [21] [22] [23] [24] . In paediatric patients with sarcoidosis mild elevation of ACE, as well as hypercalcaemia and hypercalciuria, can be observed [25, 26] .
Chest imaging
Plain radiographs are usually performed in a child suspected of ILD at first presentation, but the information provided is often limited. In addition, there are reported cases of biopsy-proved ILD with normal chest radiographs. Lungs are difficult to image with magnetic resonance imaging due to low proton content, and this method has not yet demonstrated any utility to explore patients with ILD. Consequently, the key chest imaging tool for the diagnosis and management of a patient with ILD is HRCT, which can visualise the parenchymal structure to the level of the secondary pulmonary lobule. Recent paediatric literature confirms that HRCT increases the level of diagnostic confidence for infiltrative lung disease [27] [28] [29] [30] [31] [32] . HRCT has now been proven to be useful for ILD diagnosis in children, and for patient management by helping to select the lung area to be biopsied. HRCT may also contribute to monitor disease activity and/or severity.
HRCT technique for ILD diagnosis has been extensively discussed. To optimise spatial resolution, there is a general agreement to use thin sections, the smallest field of view and a sharp resolution algorithm. For the thin section, a 1 mm collimation is recommended. Field of view should be chosen to encompass the patient. Some authors propose a targeting image reconstruction to a single lung to reduce pixel size. High spatial frequency algorithm (bone algorithm) is indicated in order to improve spatial resolution and increases image sharpness and the visibility of image noise. To reduce image noise, some authors suggest a 120-140 kVp and 100-200 mAs technique in children. LUCAYA et al. [33] demonstrated that HRCT performed with 180 or 50 mAs techniques produces images of similar quality. Based on the various technical reports now available, the ERS Task Force recommends the use of 120 kVp and 50 mAs for performing chest HRCT in paediatric patients. HRCT is generally performed with 10 mm intervals, and 20 mm intervals can be used for the follow-up. Expiratory slices are useful to document obstructive small airways diseases. Three additional expiratory slices (one in the upper, one in the middle and one in the lower lobes) could be undertaken in such cases.
In most radiological departments, HRCT is performed without sedation in children aged w3 yrs or v6 months. Our recommendation is to avoid general anesthesia and to use conscious sedation only if necessary, chloral hydrate being among the most commonly used agents for sedation of infants and children prior to computed tomography, at a dose of 50-75 mg?kg -1 . Should sedation be recommended, it needs to be done according to the Guidelines for monitoring and management of paediatric patients during and after sedation for diagnostic and therapeutic procedures, published by the American Academy of Paediatrics [34] .
The description of the HRCT findings follows the glossary of terms published by the Nomenclature Committee of the Fleischner Society [35] . In rare cases, HRCT findings may permit the diagnosis of some infiltrative lung diseases, such as pulmonary alveolar microlithiasis [36] . In Langerhans cell histiocytosis, HRCT detects peribronchial or peribronchiolar granulomas, which appear as micronodules mainly found in the upper and middle lung zones. In this disease, lesions seem to progress from nodules to cavitary nodules, to thick-walled cysts and finally to thin-walled cysts [27] . In extrinsic allergic alveolitis, HRCT abnormalities depend on the stage of the disease [37] . At an early stage, HRCT findings are mainly patchy ground-glass opacities, small nodules with peribronchiolar or centrilobular distributio, and areas of decreased attenuation. In advanced forms of the disease, fibrotic lesions can be observed, which seem to spare the lungs bases. In sarcoidosis, HRCT shows granulomas distributed along the lymphatics in the bronchovascular sheath and in the interlobar septa and pleura [27] . Most nodules are 2-10 mm in diameter, have irregular margins and occur in a perilymphatic distribution, giving rise to a beaded appearance of the bronchovascular bundles and interlobular septa and fissural nodularity. Large parenchymal nodules represent coalesced granulomas. Ground-glass opacities seem to be due to the presence of numerous sarcoid granulomas below the resolution of HRCT.
In other forms of ILD, HRCT findings are less specific, with the most common HRCT feature being widespread ground-glass attenuation. SEELY et al. [27] reported that the areas of ground-glass attenuation involved mostly the subpleural regions. Intralobular lines, irregular interlobular septal thickening and honeycombing seem to be less common findings and, thus, less contributive to diagnosis. Large subpleural air cysts in the upper lobes adjacent to areas of ground-glass opacities seem to be unique to childhood ILD. These cysts are interpreted as paraseptal or irregular emphysema. COPLEY and PADLEY [29] reported six cases of nonspecific interstitial pneumonia in children [29] . In three, HRCT showed a predominantly upper-zone honeycomb pattern with parenchymal distortion superimposed on a background of widespread ground-glass opacification. As discussed in the adult ILD, the presence of ground-glass opacities without HRCT findings of fibrosis may be a marker of an active disease [29, 30, [38] [39] [40] . However, HRCT still needs evaluation as a follow-up tool in paediatric patients.
BAL studies
A recent ERS Task Force on BAL in children provided recommendations about indications, processing, and "normal" values for paediatric BAL [41] . Usually, BAL is carried out in the most affected area (identified radiologically and/or endoscopically). In diffuse ILD, BAL is mostly performed in the right middle lobe, or, for infants, in the lower lobe. The instilled fluid is pre-warmed (to body temperature) sterile saline. It is recommended that the total volume of saline instilled is 361 mL?kg -1 in 10-20 mL aliquots. The return fluid of BAL is used for microbiological and cytological analysis, and in some specific cases for other cellular and noncellular studies [42, 43] .
In cases of infections, BAL can provide specimens for cytological examination, microbial cultures, and molecular analysis. However, results should always be interpreted with caution, mainly because of possible contaminations of the alveolar samples during the procedure.
In pathological situations other than infections, BAL can have several indications. BAL is diagnostic for pulmonary alveolar proteinosis, which is characterised by milky appearing fluid, abundant extracellular and intra-macrophage proteinaceous periodic acid-Schiff-positive material, and presence of foamy alveolar macrophages (AM), [41] . Other investigations that can be proposed are studies of various surfactant components, phospholipids and apoproteins [44] . BAL can also be diagnostic for pulmonary alveolar haemorrhage. This diagnosis is made easy when the return BAL fluid has a bloody or pink colour, but its gross appearance may be normal. Microscopic analysis may then be of value by documenting the presence of red blood cells in AM or haemosiderin laden AM [45] . The diagnosis of Langerhans cell histiocytosis can be performed with the use of the monoclonal antibodies revealing the presence of CD1a positive cells (in w5 % of BAL cells) [46] . Lipid disorders with lung involvement represent another indication of BAL. This includes congenital lipid-storage diseases (Gaucher9s disease and Niemann-Pick disease) or chronic lipid pneumonia due to chronic aspiration [47, 48] . However, in cases of aspiration syndromes, the presence of lipid laden AM may be sensitive but not specific [49] .
In other pathological situations, BAL can usefully serve to direct further investigations. Accumulation of BAL T-lymphocytes with prevalence of CD4z cells is suggestive of sarcoidosis, whilst prevalence of CD8zcells is suggestive of hypersensitivity pneumonitis [50] . Also, an increase in BAL eosinophils suggests pulmonary infiltrates associated with eosinophilia syndromes [51] . Finally, BAL may help identifying lung involvement in children with nonprimary lung disorders, for example collagen vascular diseases, inflammatory bowel diseases, or liver diseases.
Pulmonary function testing
Although lung function testing does not provide specific information, it represents a useful tool for both the diagnosis and the management of ILD in conjunction with other studies [52, 53] . Generally, in ILD, pulmonary function abnormalities reflect a restrictive ventilatory defect with reduced lung compliance and decreased lung volumes [52] [53] [54] [55] [56] . Vital capacity (VC) is variably diminished; the decrease in total lung capacity (TLC), in general, is relatively less than in VC. Functional residual capacity (FRC) is also reduced but relatively less than VC and TLC, and residual volume (RV) is, generally, preserved; thus, the ratios of FRC/TLC and RV/ TLC are often increased. Airway involvement occurs only in a minority of patients [52] .
The majority of patients show hypoxaemia as defined by a reduced resting arterial oxygen saturation (Sa,O 2 ) or a reduced resting arterial oxygen tension and an increased alveolar-arterial oxygen tension gradient (Aa,DO 2 ) under room air [52] . Hypercarbia occurs only late in the disease course. DCO or transfer factor is often markedly reduced and may be abnormal before any other radiological or physiological findings. However, DCO corrected for lung volume may also be normal in many children. During exercise the above described dysfunctions become even more pronounced. Thus, gas exchange during exercise might be a more consistent and sensitive indicator of early disease. As yet, this has not been well studied in children; however, lung function changes in children with ILD have been reported to be similar to those observed in adults. In adults with ILD, measurements of VC strongly correlate with most static lung volumes and with DCO. Recently, it was suggested that standard lung function tests, such as VC and TLC, may yield more useful information than other extensive tests [57, 58] .
The pulmonary function tests that can be performed in children with ILD depend on the age of the patient. In the age group 0-2 yrs, at least pulse oximetry and blood gas analysis (arterial or arterialised blood) with measurements of partial pressure of oxygen, partial pressure of carbon dioxide, and Aa,DO 2 (only in arterial blood) should be performed at room air. FRC can be determined by body plethysmography or by gas dilution techniques. In the age group 2-6 yrs, pulse oximetry and blood gas analysis should be done at room air at rest. In addition, Sa,O 2 and/or blood gases may also be determined during exercise. Some cooperative children may perform spirometry. In children aged o6 yrs, spirometry with registration of volume-time and flow-volume curve parameters can be performed. Lung volumes should be determined by body plethysmography or by gas dilution techniques. Similar to the younger age groups, pulse oximetry and blood gas analysis should be done at room air at rest and during exercise (e.g. cycle ergometer, treadmill, etc.). Whenever possible, assessment of DCO should be performed; measurement of lung compliance is optional. In all patients, pulmonary function tests are part of the diagnostic workup, as well as of the follow-up to evaluate the response to therapy.
Tissues biopsies
Histological evaluation of lung tissue usually represents the final step in a series of diagnostic methods. With increasing recognition of the different patterns of ILD and their clinical significance, histological investigation has become increasingly important.
Biopsy is desirable whenever there is clinical uncertainty, which often relates to an atypical clinical presentation. In practice, only a minority of children with suspected ILD require a biopsy, those usually having either idiopathic disorders or ILD unique to infancy (see below). However, diagnosis can be confirmed by the biopsy of other more accessible organs (e.g. skin biopsy in sarcoidosis). ILD is frequently patchy and it is, therefore, essential that representative areas are sampled. HRCT scanning provides a reliable guide in this respect, directing the surgeon to areas with active disease and avoiding those where the process is burnt-out. Taking multiple biopsies is recommended in adults, although it is uncertain how practical this is in children [59] .
Different methods have been used for obtaining lung tissue both in adults and in children. The major difference between individual methods lies mainly in balancing invasiveness against the potential for obtaining adequate and sufficient tissue for diagnosis. The techniques of choice are OLB and VATB. For the other methods, transbronchial lung biopsy and percutaneous needle lung biopsy, their role in appropriate diagnosis and classification of paediatric patients with ILD, has yet to be established [60] [61] [62] . OLB usually provides sufficient tissue. In adults, OLB carries a low risk of morbidity (v3%) and mortality (v1%) and provides a specific diagnosis in a high proportion of patients [63] . In children, OLB can also provide a specific histological diagnosis in a high proportion of patients (93%) and help initiate or change management (56%), with few complications related directly to the biopsy procedure (11%) [9] . In another study of children with ILD, a specific diagnosis was provided by OLB in 53%, but there was a lower diagnostic yield in children aged v2 yrs [59] . The risk of the procedure lies not in the surgical procedure itself, but mainly in the underlying overall condition of the patient so the risk/benefit ratio should always be thoroughly considered and discussed with the child9s parent or guardian [64] .
As an alternative to OLB, a number of centres now use VATB. It has been shown that the procedure itself can be safely performed, even in small children [65, 66] . In 36 consecutive cases of paediatric lung disease (ILD in 27 cases, presumed metastatic lesions in five cases, and cavitary lesions in four cases), histological diagnosis was obtained in 97%, therapy was directly affected in 83% and there were no postoperative complications. In a study comparing the value of VATB and OLB in 30 immunocompetent children with diffuse infiltrates, a specific diagnosis was reached in 60% using VATB and 53% using OLB, complications being comparable [59] .
Tissue should be sent fresh for microbiology and histopathology investigations. Most tissues need to be fixed in formalin for histological and immunohistochemical analysis; it is also recommended that a specimen portion be frozen and another preserved for electron microscopy. If at all possible, some material should be stored for research purposes, with appropriate prior informed consent and ethical approval from the parent or guardian.
Histopathological approach
Compared with adults, ILD is poorly understood and characterised in children. No classification of paediatric ILD is entirely satisfactory, although FAN et al. [18] provides a useful diagnostic grouping: 1) ILD of known aetiology; 2) ILD of unknown aetiology; and 3) ILD unique to infancy. In general, the ILDs of known aetiology, namely aspiration, infection, bronchopulmonary dysplasia, hypersensitivity pneumonia and lipid storage diseases, are diagnosed without biopsy. Most biopsies derive from groups 2 and 3 and several are classified histologically as patterns of interstitial pneumonia. Group 2 also includes disorders such as sarcoidosis. In adults, a consensus classification system for interstitial pneumonias has recently been proposed [67, 68] and modification of this system seems the most appropriate method for classifying such diseases in children, although the spectrum and frequency of disorders that account for these patterns differs ( fig. 2) .
Interstitial lung diseases of unknown aetiology. Cryptogenic fibrosing alveolitis, usual interstitial pneumonia and nonspecific interstitial pneumonia. Several groups describe series of children with cryptogenic fibrosing alveolitis (CFA), but most do not divide their cases into the recently described histopathological patterns of interstitial pneumonia. Nearly all series pre-date recognition of nonspecific interstitial pneumonia (NSIP). When strict histopathological criteria are applied, UIP is exceptionally rare in children. Today, most reported cases of CFA in children would probably be otherwise classified [7, 69] . This may explain why what has been termed "CFA in children" has a much better prognosis than CFA in adults. Most such cases are more appropriately classified as NSIP, although this pattern is currently poorly characterised in children.
Desquamative interstitial pneumonia. In adults, DIP is a comparatively rare form of ILD. It overlaps histologically with respiratory bronchiolitis-associated interstitial lung disease (RB-ILD), and smoking is currently believed to be the predominant cause [70] . RB-ILD appears to be limited to adults, but DIP is well described in children. The histological features (an accumulation of AM accompanied by a mild chronic interstitial pneumonia and at most mild interstitial fibrosis), are similar to those in adults but the outcome is worse in children, especially in infancy and those with familial disease [71, 72] . Therefore, the aetiology is probably different in children and most likely multifactorial. Some children with a DIP-like pattern have been shown to have surfactant B deficiency. Others have had lipid storage diseases and it has been suggested that hitherto unrecognised defects in metabolism may be responsible for other cases [73] .
Lymphocytic interstitial pneumonia. LIP is characterised by a marked diffuse infiltrate of mature lymphocytes, plasma cells and histiocytes within the pulmonary interstitium, particularly the alveolar walls. Histologically, it overlaps with follicular bronchiolitis, these two patterns of disease together comprising a spectrum of reactive pulmonary lymphoid hyperplasia. LIP is nearly always associated with either connective tissue disorders or immunodeficiency states, both congenital and acquired. It is a well described complication of paediatric AIDS and occurs in w30% of children perinatally affected by HIV. Familial cases are also described [74] .
Organising pneumonia. Organising pneumonia (OP) is characterised by intra-alveolar buds of granulation tissue and although largely sparing the pulmonary interstitium, it can mimic ILD clinically and radiologically. Rare cases have been reported in children. The histopathologist needs to exclude an underlying process masked by the OP, such as Langerhans cell granulomatosis, and alert the clinician to the wide differential diagnosis associated with this pattern of disease, before issuing a report of cryptogenic OP.
Diffuse alveolar damage. Diffuse alveolar damage (DAD) is the histopathological pattern seen in both adult and infantile respiratory distress syndromes, but few infants require a biopsy. Occasional cases of acute respiratory failure develop in previously healthy older children, with DAD on biopsy, and if no underlying cause can be identified, a clinicopathological diagnosis of acute interstitial pneumonia is appropriate [75] . Interstitial lung disease unique to infancy. This category includes cellular intersititial pneumonitis of infants, chronic pneumonitis of infancy, familial DIP, IPF of infancy, infantile pulmonary haemosiderosis, surfactant protein (SP) B deficiency and persistent tachypnoea of infancy. Cellular intersititial pneumonitis of infants appears histologically similar to nonspecific interstitial pneumonia in adults [76] . Chronic pneumonitis of infancy has a distinct histological pattern showing florid type 2 cell hyperplasia and diffuse expansion of the interstitium by fibroblastic tissue with comparatively little inflammation [74, 75, 77] . Acellular intra-alveolar material resembling that seen in alveolar proteinosis is a frequent finding. The aetiology is unknown. Persistent tachypnoea of infancy is a recently described mild form of ILD of uncertain aetiology. Histological abnormalities are minimal, although neuroendocrine cell hyperplasia has been reported and these findings in the correct clinical context should therefore prompt consideration of this diagnosis [78] . SP C gene mutation is also associated with development of familial pulmonary fibrosis, with patterns of UIP, DIP and cellular NSIP being described [79] . Pulmonary interstitial glycogenosis has also recently been described in neonates. It is thought to represent a maturation defect of interstitial cells that leads them accumulating glycogen within their cytoplasm. Most cases have had a favourable prognosis [80] . Its relationship to histological patterns, such as cellular interstitial pneumonia, remains uncertain.
Systemic disorders with pulmonary involvement. This group includes the connective tissue disorders, malignancies presenting as ILD and Langerhans cell histiocytosis. The latter two are generally diagnosed on their characteristic clinical and histopathological features, whilst patients with pulmonary involvement by connective tissue disorders generally present with NSIP or LIP in children, or less commonly UIP, OP or DAD. It should be noted that pulmonary disease may precede the systemic manifestations of a connective tissue disorder. It is clear that for any given situation multidisciplinary meetings between clinicians, histopathologists and radiologists should be engaged to discuss and bring together the various aspects of the case into a final working diagnosis from which a treatment plan is then designed for the individual patient.
Treatment strategies
The treatment of ILD in children is complicated because of the large differential diagnosis of underlying conditions that can produce this pathology. In addition, ILD is rare in children, which makes the organisation and analysis of controlled trials of specific treatments extremely difficult. Consequently, most current regimes are based on experience gained in a small number of cases within individual centres. The natural history of the disease is very variable and some cases burn out spontaneously even without treatment, whilst others progress relentlessly towards a fatal outcome despite all treatment modalities given [68, 81] .
Few children require no treatment and recover spontaneously. However, most require O 2 therapy based on day and night time Sa,O 2 levels, and specific medications. Oral prednisolone (1-2 mg?kg
) or pulsed intravenous methylprednisolone, singly or in combination with hydroxychloroquine, are the most commonly used drug treatments [2, 4] . Children with significant disease are best treated with pulsed methylprednisolone at least initially [11] . This is usually given at a dose of 10-30 mg?kg -1
?day -1 for 3 days consecutively at monthly intervals. The minimum number of cycles recommended is three, but treatment may need to be continued for o6 months depending on response. When the disease is under control, the dosage of methylprednisolone can be reduced or the time between cycles can be spaced out. The disease may then be controlled with oral prednisolone preferably given as an alternate day regime. In a few cases oral prednisolone is used from the beginning simultaneously with intravenous methylprednisolone but this should only be required in those with very severe disease. Methylprednisolone sometimes works even when other steroids fail [11, 82] . Cases in which the disease is mild and where the biopsy shows largely fibrotic change can be treated with hydroxychloroquine (6-10 mg?kg -1
?day -1 in two divided doses) alone. Individual case reports have described a response to chloroquine even in the presence of steroid resistance [83, 84] . Currently, hydroxychloroquine is the preferred agent as it is less toxic than chloroquine. The decision as to which agent to use is based on the lung biopsy findings. If there is a large amount of desquamation and inflammation present then it is preferable to use steroids. Where collagen is present in increased amounts representing pre-fibrotic change, then hydroxychloroquine alone is recommended. Those with severe changes will require both agents. However, in all situations, the aim of treatment is to titrate the medication, particularly steroids, to the lowest dose compatible with clinical stability and to avoid breakthrough of symptoms whenever possible.
Other treatments include immunosuppressive agents, such as azathioprine (2- ). Lung or heart-lung transplantation is a viable option even at aged v10 yrs. Several situations may require specific therapeutic strategies. In pulmonary alveolar proteinosis, whole lung lavage can be effective by removing the material from the alveolar space [41] . Treatment with GM-CSF has also been used [85, 86] .
It is important to stress that in all situations, maintenance of nutrition with an adequate energy intake is extremely important in the management of children with ILD. Immunisation with influenza vaccine on an annual basis is recommended along with other routine immunisations against major respiratory pathogens.
A favourable response to treatment can be judged along similar lines to those quoted for adult disease [81] . The patient should be assessed at regular intervals of 3-6 months or more frequently if severely ill. Improvement is judged by decreased breathlessness or cough, increase in Sa,O 2 at rest of 2-4 %, and changes in pulmonary function tests. Improvements on chest radiograph and HRCT scan may also be seen, but these tend to occur over a much longer period of time of 2-4 yrs. Studies in children have not shown a good correlation between histological findings and outcome [52, 68] . Some children with relatively severe fibrosis on biopsy make good progress, whereas others with mild desquamation have a poor outcome. This is probably due to the variable severity of the disease in different parts of the lung, especially in relation to the particular area biopsied, despite ultrasound or HRCT guidance. Overall, a favourable response to corticosteroid therapy can be expected in 40-65% of cases of idiopathic interstitial pneumonitis [68] . The outcome for infants is more variable. Although patients in this age group can have a significant mortality [11] , others have reported a relatively good outcome [85] . Other treatments which may be considered in the future include the use of macrolide antibiotics or very small particle chlorofluorocarbon-free inhaled steroids as anti-inflammatory agents.
New insights into ILD pathophysiology in children
There is increasing evidence that expression and outcome of ILD in children differs from adult ILD, with childhood pathologies having a more favourable response to immunosuppressive therapies. This suggests that the pathogenic mechanisms involved may have age specificity, and that additional events related to lung growth and maturation could play a critical role in the disease progression. In addition, the pathogenesis of childhood ILD, perhaps to a greater extent than adult disease, is likely to have significant genetic influences. Identification of the genes involved in childhood ILD will undoubtedly enhance both the understanding of the biology of these conditions and also provide new therapeutic targets for both childhood and adult disease, a prize clearly worth pursuing.
Genetic factors in childhood ILD
Genetic variation is likely to modulate susceptibility, progression and therapeutic response in children with ILD. The relatively high incidence of a family history in childhood cases suggests a major genetic determinant, at least in some individuals. However, in the majority of cases, geneenvironment interactions involving multiple genetic loci will determine disease development and outcome. Evidence for a genetic influence in the development of ILD includes the marked variation in response to injurious agents in both humans and animal models despite similar levels of exposure, and the existence of familial forms [87] [88] [89] [90] . A number of studies in adults and children with IPF report the familial clustering of cases including cases reported in twins and family members separated from an early age [91, 92] . Such cases appear histologically indistinguishable from the nonfamilial forms, suggesting shared pathogenic pathways. Rarer familial forms, well documented in the literature, include the Hermansky-Pudlak syndrome (HPS) and familial hypercalcaemic hypocalcuria (FHH), [93, 94] . Their relevance to other forms of childhood ILD is unclear, but it is possible that these syndromes share common genetic influences with other forms of ILD. A linkage with a mutation in the SP C gene in children with familial ILD has recently been reported but requires further validation [95, 96] .
In the design of genetic studies, one must consider the appropriate genetic methodology, the acquisition of study populations of appropriate size for statistical power, the influence of ethnic diversity on allele frequency, the need for detailed phenotypic data (clinical, biochemical or histopathological indices of disease or biological activity), and the use of appropriate comparison populations. Two main methodological approaches are employed. Genome-wide approaches require related individuals in whom the phenotype can be accurately established, and in both HPS and FHH, the relevant genes have been identified by such an approach [97, 98] . The other main approach is a "candidate gene" approach, with the studies of known or novel polymorphisms in genes that are purported to play a role in disease pathogenesis, and is suitable for unrelated individuals. In adults with IPF, a number of candidate genes have been studied including genes encoding the interleukin (IL)-1 family, ACE, tumour necrosis factor-alpha, IL-6 and the human leukocyte antigen (HLA) system. The strongest correlation has been described by BRIGGS et al. [99] between HLA DR3/DRw52a and the susceptibility of patients with systemic sclerosis to develop pulmonary fibrosis. In children, to date, only SP polymorphisms have received attention in the context of respiratory distress syndrome, but are worthy of mention as strong candidates for ILD. An initial observation by KALA et al. [100] suggested a possible association with the 1A0 SP-A allele and SP-B variant. HAATAJA et al. [101] showed no association with SP-B polymorphisms. However, many of the SP alleles are in linkage disequilibrium, and thus should be studied together, rather than in isolation. These studies also highlight important racial differences in allele frequency [102] .
Concepts of ILD pathogenesis in children and implication for treatment strategies
A widely held view has been that all fibrotic lung diseases share common pathogenetic features, regardless of initiating agent. Largely based on adult research data, a hypothesis of persistent interstitial inflammation leading to, and modulating development of, fibrosis has emerged. In response to injury, an inflammatory response or alveolitis is invoked, which features recruitment of inflammatory and immunoregulatory cells into the interstitium, alveolar walls and perialveolar tissues. This inflammatory infiltrate, alone or in concert with varying degrees of fibrosis, can lead to a thickened alveolar wall, the histological marker of paediatric ILD. Persistence of this response will eventually lead to extensive end-stage fibrosis with loss of alveolar gas-exchange function.
However, recent investigations have provided data supporting the view that inflammation is not prominent [103] [104] [105] . Accordingly, the latest revised hypothesis for fibrogenesis proposes that chronic ILD represents a model of abnormal wound healing, resulting from multiple, microscopic sites of ongoing alveolar epithelial cell injury and activation, with release of fibrogenic mediators. These lead to the appearance of fibroblast-myofibroblast foci within the lung interstitium (identifiable on lung tissue biopsies); possibly reflecting local sites of injury and abnormal repair characterised by fibroblast-myofibroblast migration and proliferation, decreased myofibroblast apoptosis, and enhanced release of, and response to, fibrogenic growth factors. The extent of these foci appears to predict outcome/survival in ILD [106] . Following injury, rapid re-epithelialisation is essential to the restoration of barrier integrity and requires epithelial cell migration, proliferation and differentiation of type II into type I alveolar epithelial cells. In ILD, the excessive loss of alveolar epithelial cells by apoptosis may seriously compromise the ability of type II alveolar epithelial cells to carry this out. In parallel, proliferating fibroblasts emerging during the normal repair process are able to selfregulate their production of matrix synthesis and degradation components and mitogens, through mediator-driven autocrine mechanisms. This may be deregulated in established fibrosis by an increased number of cells displaying an altered profibrotic myofibroblast-like phenotype. Alveolar epithelial proliferation is dependent on the availability of several growth factors including insulin-like growth factor, keratinocyte growth factor, hepatocyte growth factor and plateletderived growth factor [107, 108] . During childhood and in the context of lung growth and development, it is strongly suggested that the programmed production of some of these mitogenic factors may promote the process of reepithelialisation, and, consequently, may help counteract the altered secretion of mediators involved in migration and proliferation of fibroblasts, as well as in differentiation into myofibroblasts. Clearly, this hypothesis needs to be further investigated.
A number of novel therapeutic approaches have emerged for consideration as a result of increased knowledge of ILD pathogenesis [1, 2, 103] . Several of these have shown promise at the clinical trial stage with adult IPF patients. Encouraging preliminary results have been obtained with interferon-c [109] . Beneficial antifibrotic effects have also been reported for other molecules, such as pirfenidone [110] . Applying postgenomic approaches to understanding the molecular basis of ILD pathogenesis in children should help identify important preclinical markers of disease, pathways of disease regulation, and novel potential targets for therapeutic intervention.
Conclusion
The large population of children (185 patients) with a diagnosis of chronic interstitial lung diseases collected through the European Respiratory Society Task Force on chronic interstitial lung diseases in immunocompetent children has provided important clinically-relevant information on the current approach to diagnosis and management of chronic paediatric interstitial lung diseases. The main conclusion was that major variations exist between the various centres regarding disease classification and evaluation, and that standardisations are needed. In this view, the multidisciplinary team of expert paediatric and adult physicians, as well as basic scientists included in the Task Force, has led to establish multicentre collaborations. This represents an essential step to define reliable and homogeneous phenotypic characteristics of the patients, to draw up recommendations to practicing clinicians for the everyday care of children with interstitial lung diseases, and to provide new insights into the pathophysiology of interstitial lung diseases in children through carefully selected research programmes.
